Higher-order chromatin structure of human granulocytes.
The structural organisation of chromatin in eukaryotes plays an important role in a number of biological processes. Our results provide a comprehensive insight into the nuclear topography of human peripheral blood granulocytes, mainly neutrophils. The nuclei of granulocytes are characterised by a segmented shape consisting of two to five lobes that are in many cases connected by a thin DNA-containing filament. The segregation of chromosomes into the nuclear lobes was studied using fluorescence in situ hybridisation (FISH). We were able to distinguish different topographic types of granulocytes on the basis of the pattern of segregation. Five topographic types were detected using dual-colour FISH in two-lobed nuclei. The segregation of four sets of genetic structures could be studied with the aid of repeated FISH and a large number of topographic types were observed. In all these experiments a non-random distribution of chromosomes into nuclear lobes was found. The painting of a single type of chromosome in two-lobed nuclei showed the prevalence of symmetric topographic types (on average in 65.5% of cases) with significant variations among individual chromosomes. The results of analysis of five topographic types (defined by two chromosomes in two-lobed nuclei) showed that the symmetric topographic types for both chromosomes are significantly more frequent than predicted. Repeated hybridisation experiments confirmed that the occurrence of certain patterns of chromosome segregation is much higher than that predicted from the combination of probabilities. The frequency of symmetric topographic types for chromosome domains was systematically higher than for genes located on these chromosomes. It appears that the prevalence of symmetric segregation patterns is more probable for large objects such as chromosome domains than for genes located on chromatin loops extending outwards from the surface of the domain defined by specific chromosome paints. This means that one chromosome domain may occur in different lobes of granulocytic nuclei. This observation is supported by the fact that both genes and centromeres were observed on filaments joining different lobes. For all chromosomes, the distances between the membrane and fluorescence gravity centre of the chromosome were measured and correlated with the segregation patterns. A higher percentage of symmetric topographic types was found in those chromosomes that were located closer to the nuclear membrane. Nuclear positioning of all genetic elements in granulocytic nuclei was studied in two-dimensional projection; however, the results were verified using three-dimensional analysis.